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Abstract 
A thermoplastically extruded snack was produced from different blends of corn grits 
and silver carp minced meat. Response Surface Methodology (RSM) was used to study 
the effect of fish meat content and to optimize the feed composition. Fourteen 
treatments from central composite design considering minced fish content (0-3 kg) and 
corn (7-10 kg) were used as the independent variables. The expansion ratio, protein 
content, fish odour, and overall acceptability were the dependent variables. Fish odour, 
linear distance and protein content of puffed corn-fish snack increased significantly 
with fish content while the expansion ratio significantly decreased (p<0.05). The 
optimum formulation was obtained at 15% of minced fish. 
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Introduction  
Starch-based snacks from corn, rice, and 
wheat are widely consumed, by children 
and young people. They are high in fat and 
carbohydrates and low in protein (Rhee et 
al.,  1999). Extrusion processing is widely 
used in the food industry for restructuring 
starchy and proteinaceous ingredients 
(Choudhury and Gogoi, 1996). Several 
researches have been reported on the 
incorporation of high protein ingredients 
including soy (De Mesa et al., 2009), 
whey (Brni  et al., 2008), legumes (Pastor 
et al., 2011), navy and pinto beans (Gujska 
and Khan, 1991) into different cereals to 
enrich the extruded snacks. There are some 
reports on production of extruded products 
from blends of meat and non-meat 
ingredients (Lee et al., 2003; Mittal and 
Lawrie, 1984). For example Rhee et al. 
(1999) studied blends of corn starch and 
ground meat from lamb, mutton, hen and 
beef using a single-screw extruder. 
However, extrusion of starch containing 
materials mixed with animal muscle 
proteins is problematic due to the thermal 
instability of these formulations and the 
fundamental thermodynamic difference 
between protein and starch molecules 
(Yurjew et al., 1989). 
The suitability of selected fish and 
squid for snack food manufactured by 
indirect extrusion cooking has been 
evaluated. The results indicated that meat 
of lean fish showed better extrusion 
characteristics than that of fat fish, fresh 
fish being superior to frozen fish. Washing 
of the fish meat was found to enhance 
meat utility in extrusion cooking 
(Wianecki, 2007). The incorporation of 
fish proteins to starch-rich ingredients such 
as rice flour significantly reduced 
expansion and increased hardness. This 
could be the reason why attempts to 
develop expanded snack food products 
from blends of minced fish and starchy 
ingredients using extruder have met with 
limited success (Choudhury and Gautam, 
2003a). Presently there is no known 
commercial production of such product. 
The extrusion process for snacks is very 
sensitive to changes in feed composition, 
extrusion condition and extruder design. 
Although the addition of fish protein to 
formulations intended for extrusion 
puffing is limited by technological 
constraints, it is extremely desirable from a 
nutritional viewpoint (Wianecki, 2007). To 
dateno published report is available on the 
extruded puffed corn-fish snack using 
minced meat of silver carp 
(Hypophthalmichthys molitrix). Despite 
being the most important cultured fish in 
the world (FAO, 2008), abundance of tiny 
bones in silver carp makes it unpopular for 
filleting and direct consumption. The 
present study was carried out to develop an 
extruded puffed corn-fish snack from 
silver carp, to optimize the fish meat 
content of the puffed snack based on the 
sensory, textural and protein 
characteristics of  the developed  snack. 
 
Materials and Methods 
 Materials  
Freshly-harvested Silver Carp (H. molitrix) 
was obtained from Gilan province on the 
southern coast of the Caspian Sea. Pre-
dried yellow corn grits with 5.2%   
moisture content (wet basis) and seasoning 
materials including vegetable oil, cheese 
powder and salt were purchased from 
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Golfam Talaei Alborz, Iran. The moisture 
content of corn grits and fish were 
measured according to 2.4. The particle 
size distribution of the corn grits was 2.1% 
for 0-300 micron, 10.6% for 300-500 
micron, 11% for 500-700 micron, 11.1% 
for 700-800 micron, 54.2% for 800-1200 
micron, 6% for 1200-1400 micron and 5% 
for up to 1400 micron as provided by the 
supplier. Metalized biaxiallay-oriented 
polypropylene (BOPP) film with 30µm 
thickness was used to pack samples.  
Sample preparation and process 
description 
The fish was washed, gutted, and filleted 
manually, which was followed by 
deboning in a Baader-400 meat separator 
machine (Baader, Germany). Mixing of 
ingredients including corn grits and 
minced fish meat(as in Table1) was carried 
out in a 60 liter cutter-mixer (Iran steel Co, 
Iran) for 10 min. Moisture content was 
adjusted to minimum 16% for all 
treatments by adding water and mixing for 
15 minutes. The mixture was held for 45 
minutes at room temperature for moisture 
equilibration.  
Extrusion 
Fourteen runs were carried out as 
generated by the RSM.A high shear single 
screw extruder with barrel length to 
diameter of 3(Tabriz Food Machinery Co., 
Iran) was used for the extrusion process. 
The extrusion condition was 130°C for 
barrel temperature,112 rpm for screw 
speed, a feed rate of 25kg/hr and die 
diameter of 3.2 mm. In each run, 
extrudates were collected in a steady state 
(5 minutes after the run began). Collected 
samples were dried at 90°C in a 
convective air dryer for 20 minutes after 
which they were seasoned at 33% (w/w) 
by a roller sprayer (GT-II Jinan Saibainuo 
Technology Co., China). Pre-mixed 
seasoning materials consisted of 65% w/w 
vegetable oil, 30.5% w/w cheese powder 
and 4.5% w/w edible salt. Approximately 
70±5 grams of extrudates from each run 
were packaged in BOPP pouches 
(180×300 mm; L×W). 
Protein and moisture 
The protein analyses were carried out 
according to the procedure AOAC 988.05. 
Moisture content was determined as 
procedure AOAC 930.15. (AOAC, 2000). 
Data  were collected in triplicates. 
Expansion Ratio 
Expansion ratio (ER) was defined 
asDe/Ddwhere Dewas the diameter of 
extrudate and Dd= 3.2 mm was the 
diameter of the die. The average of 10 
measurements of extrudates diameter by a 
CD-6 CSX vernier digital calliper 
(Mitutoyo, Japan) was used to calculate 
expansion ratio (Dileep et al. 2010). 
Texture Analyses 
The textural properties of extrudate were 
measured using a texture analyser TA-
XT2i/50 (Stable Micro Systems Ltd., 
Godalming, UK). A 5-bladed Kramer 
Shear cell (DP/KS5) using 50 kg load cell 
was used. The test speed of 2 mm/s and 
distance of 48 mm between the two 
supports was carried out to measure the 
force-time (distance) curve and peak 
count. The results were analysed by 
Texture Exponent 32 (Surrey, UK) 
software (Meng, et al., 2009). Crispness 
was taken as the mean linear distance (LD) 
and also the mean number of major peaks. 
The reported data were the mean values of 
three replications.  
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 Sensory Analyses 
The sensory analyses of extrudate 
including overall acceptability (OA) and 
fish odour (FO), were carried out in the 
individual booth room at sensory 
laboratory of National Fish Processing 
Research Center (NFPRC- Iran) using the 
5-Point hedonic scoring scale (Shi et al., 
2011) at room temperature (25ºC). A 
group of 10 experienced and competent 
panellists (Hsu and Chung, 2001) from the 
researchers and staff of the FPRNC were 
selected for the test. The panellists were 
professionals in sensory evaluation with at 
least three years’ experience. The 
panellists were properly instructed before 
the test. Overall acceptability 5-point 
hedonic scale works on grading sale as like 
very much=5 to dislike very much= 1. The 
fish odour 5-point intensity works on a 
scale of none=1 to very high=5. The 
panellists rinsed their mouths with water in 
between samples. Ten extrudates of each 
sample were served on a plastic plate 
randomly three-digit coded and evaluated. 
 Experimental design  
Response Surface Methodology (RSM) 
was used to investigate the influences of 
using different amounts of minced fish 
meat on texture and acceptability of puffed 
corn-fish snack in order to optimize the 
extrusion feed composition. Results from 
preliminary trials were used to select 
suitable operating window. A central 
composite cubic design (CCD) using two 
factors, one replicate, 14 runs, two blocks, 
four cube points, three center points in 
cube, four axial points, three center points 
in axial and α =1.41421 was employed. 
Fish (0-3 kg) and corn (7-10 kg) were used 
as the independent variables. Protein, 
expansion ratio (ER), overall acceptability 
(OA) and fish odor (FO) were used as 
RSM dependant variables (Table 1). 
 Statistical analysis 
A second-order polynomial regression 
model yi= β0 + β1 x1+ β2 x2 + β11x12+ β22 
x2
2+β12x1x2 was established to fit the 
experimental data for each response (yi), 
where the x1  and x2  were fish meat and 
corn content in kg, respectively.  β0, β1, 
β2,β11, β22 and β12 were the regression 
coefficients to be determined. The 
response surface and counter plots for the 
models were plotted as a function of these 
two independent variables. The terms 
which were statistical non-significant 
(p>0.05) were dropped from the initial 
models and the experimental data were 
refitted only to significant (p<0.05) factors 
to obtain the final model (Mirhosseini et 
al., 2009). Statistically significant 
differences between values were evaluated 
at p<0.05 and statistical analyses including 
1-sample and 2-sample t-test, Response 
Surface Methodology (RSM) were 
evaluated using Minitab-14 (Minitab Inc. 
USA, 2003) software. 
Optimization of the ingredients  
In order to optimize the ingredients 
composition, both graphical and numerical 
multiple optimization procedures were 
carried out using Minitab software-14 
(Minitab Inc. USA). For graphical 
optimization procedure, three-dimensional 
(3D) response surface plots and overlaid 
contour plot were drawn for better 
visualization of the final reduced models. 
As for numerical multiple optimizations, 
response optimizer was used to determine 
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an optimum set level of independent 
variables that jointly optimized a set of 
responses by satisfying the requirements 
for each response.  
Validation of the model 
In order to verify the adequacy of final 
reduced models, 2 sample t-test and 1 
sample t-test were carried out to compare 
the experimental and predicted values for 
theoretical and practical validation 
procedures at optimum point, respectively. 
Close agreement and no significant 
difference between the experimental and 
predicted values were needed for 
validation of the final model. 
Results  
The expansion ratio, overall acceptability, 
fish odour, linear distance and protein data 
are as shown in Table 1.  Surface plots 
were generated in order to visualize the 
models in Figure 1. The regression 
coefficients and the equations describing 
the responses as well as significances are 
also shown in Table 2. The adequacy of all 
models was tested for lack-of-fit and 
coefficient of determination (R2) in Table 
2which expressed the fraction of variation 
of the response explained by the model. 
The test of the lack-of-fit was not 
significant for all responses and R2 values 
for equations at the levels of 93-99.3% 
indicated that the models were suitable 
with high correlation. 
Table 1: Experimental data for protein%, expansion ratio (ER), Overall acceptability (OA), fish odour 
(FO) and linear distance (LD) from the RSM experiments on extrusion of corn-fish blends. 
 
Fish 
(kg) 
Corn 
(kg) 
Fish 
(%) 
Protein 
(%) 
ER OA  FO 
LD 
kg.s 
FS1 1.5 8.5 15 8.5±0.2 5.1± 0.2 4.5±0.7 1.4±0.5 172.73±0.10 
FS2 1.5 8.5 15 8.2±0.3 5.1±0.3 4.4±0.7 1.3±0.5 172.71±10.86 
FS3 3 10 23 9.5±0.3 4.3±0.3 2.8±0.7 3.2±0.6 711.32 * 
FS4 0 10 0.0 6.5±0.4 5.2±0.3 4.5±0.7 1.3±0.5 59.88±2.50 
FS5 0 7.0 0.0 6.9±0.3 5.3±0.2 4.4±0.5 1.3±0.5 68.10±5.01 
FS6 3 7.0 30 10.3±0.3 2.8±0.2 1.6±0.5 4.4±0.7 2065.50* 
FS7 1.5 8.5 15 8.6±0.4 5.2±0.2 4.7±0.5 1.5±0.5 188.05±6.25 
FS8 1.5 8.5 15 8.7±0.4 4.9±0.4 4.8±0.4 1.5±0.5 172.68±10.83 
FS9 1.5 6.4 19 9.0±0.3 4.8±0.4 3.8±0.5 2.7±0.7 342.43±6.26 
FS10 1.5 8.5 15 8.3±0.1 4.9±0.3 4.7±0.5 1.4±0.5 172.74±7.67 
FS11 1.5 8.5 15 8.6±0.3 5.2±0.3 4.5±0.7 1.7±0.7 172.71±10.83 
FS12 3.6  8.5 30 10.0±0.3 2.9±0.1 1.4±0.5 4.5±0.5 2065.50 * 
FS13 1.5 10.6 12 7.9±0.2 5.1±0.2 4.5±0.7 1.6±0.7 136.92±11.92 
FS14 0 8.5 0 6.7±0.1 5.3±0.1 4.6±0.7 1.1±0.3 61.98±3.54 
       *Theoritical value obtained by (Equation 1). 
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Figure 1: Surface plot of A) expansion ratio and B) protein% C) Overall Acceptability and D) Fish odour 
versus ingredients (kg).  
 
Table 2: Regression equations coefficients and p-value (p) of the predicted reduced modelsa for response 
variables including protein, expansion ratio, overall acceptability and fish odour. 
 
ay= β⁰ + β1 x1+ β2 x2 + β11x12+ β22 x22+β12x1x2,    x1=fish (kg)  , x2=corn (kg). 
*Not significant at p>0 
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As in Table 2 both independent variables 
affected all product responses significantly 
(p≤0.05) except for corn percentage which 
was non-significant in protein. This was 
the reason that related coefficients (β11, β22 
and β12) for protein were assumed to be 
zero inTable3.Fish content had linear 
effect on protein and quadratic effect on 
ER, OA and FO. The regression equation 
of linear distance versus fish% is shown in 
Equation 1.A good correlation (R2=99.6%) 
and suitable cubic model was illustrated by 
p≤0.001. The LD of run number of 3, 6 and 
13 (23, 30 and 30% fish respectively) were 
obtained by extrapolation of the available 
data using (Equation 1), because the 
samples were too hard and thus could not 
be mesured by the Texture Analyzer in 
maximum load (50kg). The expansion 
ratio was low and sensory texture was too 
hard and quite unacceptable for these 
extrudates.  
LD = 63.31+35.87 fish% - 4.815 fish%**2 
+ 0.1948 fish%**3 (Equation 1) 
        The lack of expermental data for 
linear distance (LD) and peakscount in 
aforementioned 3 points was the reason 
that they were ignored in optimization 
modeling.   
 
 
The regression equation indicated a high 
negative correlation (R2= 99.4%) between 
linear distance and expansion ratio 
(p≤0.001). 
LD=6778-2103ER+157.9ER**2 (Equation 2)       
Optimization using Response Surface 
Methodology 
The relationship between the independent  
and dependent  variables is shown  in Fig.1 
and in Equation1. The optimization 
module in an overlaid plot investigated the 
combination of parameters levels that 
satisified the requirments placed on each 
of the responses. The bright area in Fig.2 
showes the feasible response values in the 
factor space graphically. Regions that did 
not meet the proposed critria were shaded. 
Fig. 3 indicated the ingredients amount at 
the optimum point. Predicted optimum 
levels of ingredients based on maximal 
protein percentage and OA, minimizing 
the fish odour and targeting the expansion 
ratio at 5,was obtained at 1.6 kg  minced 
fish and 8.7 kg corn content. This 
composition (15% minced fish) will result 
in the best combination of four defined 
responses. 
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            Figure2: The optimal working conditions illustrated in bright region of 
overlaid contour plot of Protein%, ER, OA and FO vs 
ingredients (kg) from RSM runs. 
 
 
             Figure 3: Predicted optimum point according to RSM multiple response optimizer. 
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Validation 
The adequacy of the response surface 
equation was checked by the comparison 
of experimental and predicted values. The 
oretical validation of the models was 
tested by two sample t-test as shown in 
Table 3 and no significant difference was 
found between those values for all 
responses [Protein (p=0.931), ER (p= 
0.946), OA (p=0.948) and FO (p=0.987)]. 
Table 3: Comparison between experimental (Exp.) and predicted (Pre.) values based on the final reduced 
models. 
Factors(kg) Proteina% 
Expansion 
Ratioa 
Overall 
Acceptabilitya 
Fish Odoura 
Fish Corn Pre. Exp. Pre. Exp. Pre. Exp. Pre. Exp. 
1.5 8.5 8.4 8.5 5.0 5.1 4.6 4.5 1.5 1.4 
1.5 8.5 8.4 8.2 5.0 5.1 4.6 4.4 1.5 1.3 
3 10 9.5 9.5 4.3 4.3 2.9 2.8 3.1 3.2 
0 10 6.8 6.5 5.3 5.2 4.5 4.5 1.2 1.3 
0 7 7.3 6.9 5.4 5.3 4.6 4.4 1.3 1.3 
3 7 10.0 10.3 3.1 2.8 1.7 1.6 4.4 4.4 
1.5 8.5 8.4 8.6 5.0 5.2 4.6 4.7 1.5 1.5 
1.5 8.5 8.4 8.7 5.0 4.9 4.6 4.8 1.5 1.5 
1.5 6.4 8.8 9 4.7 4.8 3.7 3.8 2.7 2.7 
1.5 8.5 8.4 8.3 5.0 4.9 4.6 4.7 1.5 1.4 
1.5 8.5 8.4 8.6 5.0 5.2 4.6 4.5 1.5 1.7 
3.6 8.5 10.3 10 2.8 2.9 1.3 1.4 4.5 4.5 
1.5 10.62 8.1 7.9 5.4 5.1 4.4 4.5 1.7 1.6 
0 8.5 7.0 6.7 5.4 5.3 4.9 4.6 0.9 1.1 
aNo significant (p>0.05) difference between predicted and experimental value.  
 
These observations verified the adequacy 
of the corresponding response surface 
model employed for predicting the 
variation of extrudate properties as a 
function of the independent variables. 
Practical validation of the models at 
optimum point was also tested by one  
 
 
sample t-test. Results are as shown in 
Table 4which indicates there was no 
significant difference (p≥0.05) between the 
predicted and experimental data for all 
responses at optimum point. Therefore, the 
developed models were theoretically and 
practically valid.
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Table 4: Comparison between practical and predicted values based on the final    
reduced models at the optimum point (fish= 15% and corn=85%) for 
responses. 
 
Overall 
Acceptabilitya 
Expantion 
Ratioa 
Protein%a 
Fish 
Odoura 
Predicted value 4.5 5.0 8.5 1.6 
Actual value 4.4±0.5 4.9±0.3 8.4±0.3 1.6±0.3 
p-Value * 0.601 0.634 0.446 0.667 
*p- value from 1-sample t-test. 
a No significant (p>0.05) difference between predicted and experimental value. 
Discussion 
The high negative correlation between linear 
distance and expansion ratio (as in Equation 
2) indicated that extrudates with high 
expansion were found to be less hard, is in 
agreement with studies reported by Faller et 
al. (1998). Expansion ratio was negatively 
correlated (R2= 96.1) with fish content, 
mostly due to the high moisture content of 
the fish meat (Table2). The inverse 
relationship between moisture in extrusion 
feed and ER was also indicated by previous 
studies (Falcone and Phillips 1988; Rhee et 
al. 1999a; Thymi et al. 2005; Pansawat et al. 
2008; Stojceska et al. 2009;).On the 
contrary, Rehrah et al. (2009) reported that 
increasing moisture level significantly 
increased the expansion of the exrtudate. 
Increasing hardness by reduction of feed 
moisture was also reported by Lin et 
al.(2000) and Rehrah et al. (2009). The 
disagreement may be explained by different 
ranges of moisture content of the feed. In 
previous report of literatures feed moisture 
content was remarkably high (40-60%, 60-
70% and 40-90%, respectively) while the 
present research studied moisture of the feed 
was in the range from 16 to 27% of the 
formulation. 
By using high fish content in the blend 
(30%)  burning and die blockage  were 
observed as were also reported by previous 
studies (BA-Jaber et al., 1993; Rhee et al., 
1999b). When the fish content was >19% at 
which point the moisture was out of target 
level (16%), the ER decreased. The 
extrudates were so dense and hard that 
measurment could not be made by the 
texture anaylzer. This was expected as high 
fish content contrbuted to the higher 
moisture content. Previous reported studies 
also indicated that the hardness of extrudates 
increases as the feed moisture content 
increases( Ding et al., 2005;Altan et al., 
2008; Meng et al., 2009). Reduction of ER 
with increasing bulk density and hardness of 
extrudates due to the addition of muscle and 
fish protein were also reported( Gogoi et al. 
1996;  Gautam et al. 1997; Choudhury and 
Gautamb 2003; Curic et al. 2009;). Rehrah et 
al. (2009) reported a negative relation 
between protein amount and expansion ratio 
of extrudate. They indicated that the reason 
was probably the strong bonding between 
protein molecules. The addition of protein 
increases the firmness of plasticized 
extrudates, thereby preventing their 
expansion.  On the contrary, an increase of 
the expansion index with increasing protein 
content was also reported by Boye et al. 
(2010). Moraruand Kokini (2003) reported 
that soy protein isolate (1-8%) increased the 
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ER of wheat starch while wheat gluten (up to 
11%) reduced it. Perhaps this was best 
explained by Wianecki (2007) who stated 
that in addition to the role of fat content of 
protein source, water-soluble-proteins both 
of plant and animal origin reduce extrudat 
expansion, while myofibrilar protein of 
animal meat and vital gluten are highly 
extrudable materials. 
It was concluded that silver carp minced 
fish can be used to produce a nutritious 
puffed corn-fish snack with desirable 
expansion ratio, texture and sensory 
attributes by direct extrusion technology. 
The optimal combination of ingredients was 
determined to be at 1.6 kg fish and 8.7 kg 
corn content (i.e. 15% minced fish). The 
incorporation of fish content >19% highly 
improved the protein content but provided a 
higher amount of moisture content (19-27%) 
which resulted in the hardness undesirable 
fish odour. Burning and die blockage 
problems were also observed at 30% fish 
content blend of  the extrusion feed which 
were technical problems in developing corn-
fish snack with higher amount of fish 
content. 
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